The usefulness of Candida ID 2 (CAID2) reformulated medium (bioMérieux, France) has been compared with that of the former Candida ID (CAID; bioMérieux), Albicans ID 2 (ALB2; bioMérieux), and CHROMagar Candida (CAC; Chromagar, France) chromogenic media for the isolation and presumptive identification of clinically relevant yeasts. Three hundred forty-five stock strains from culture collections, and 103 fresh isolates from different clinical specimens were evaluated. CAID2 permitted differentiation based on colony color between Candida albicans (cobalt blue; sensitivity, 91.7%; specificity, 97.2%) and Candida dubliniensis (turquoise blue; sensitivity, 97.9%; specificity, 96.6%). Candida tropicalis gave distinguishable pink-bluish colonies in 97.4% of the strains in CAID2 (sensitivity, 97.4%; specificity, 100%); the same proportion was reached in CAC, where colonies were blue-gray (sensitivity, 97.4%; specificity, 98.7%). CAC and CAID2 showed 100% sensitivity values for the identification of Candida krusei. However, with CAID2, experience is required to differentiate the downy aspect of the white colonies of C. krusei from other white-colony-forming species. The new CAID2 medium is a good candidate to replace CAID and ALB2, and it compares well to CAC for culture and presumptive identification of clinically relevant Candida species. CAID2 showed better results than CAC in some aspects, such as quicker growth and color development of colonies from clinical specimens, detection of mixed cultures, and presumptive differentiation between C. albicans and C. dubliniensis.
(typical purple color colonies) (3, 19) and Candida dubliniensis (typical dark green colonies) (11, 26) . However, other researchers did not agree with these findings (2, 13, 24) .
Albicans ID 2 (ALB2) (bioMérieux, Marcy l'É toile, France) allows the specific identification of C. albicans colonies on the basis of their blue color and smooth appearance (2, 4) but does not differentiate other species of Candida. Candida ID (CAID) (bioMérieux) differentiates three groups of yeasts based on the color of colonies: blue colonies for C. albicans, pink colonies for C. tropicalis, C. guilliermondii, Candida kefyr, and Candida lusitaniae, and white colonies for the rest of the species (14, 21, 28) .
Candida ID 2 chromogenic medium (CAID2) (bioMérieux) is an improved version of CAID that is being marketed to replace the previous formulae, CAID and ALB2. CAID2 has been developed for the identification of C. albicans (blue colonies). Additionally, the isolates from the species C. tropicalis, C. lusitaniae, and C. kefyr grow like pink colonies on CAID2.
The present study has been designed to evaluate the performance of CAID2 in the isolation and presumptive identification of medically important yeasts and to compare the results to those obtained using CAID, ALB2, and CAC. For this purpose, we have studied 448 strains from our stock collection of yeasts and from fresh human clinical specimens.
MATERIALS AND METHODS

Strains.
A total of 448 strains from the genera Candida, Cryptococcus, Geotrichum, Saccharomyces, and Trichosporon have been evaluated (Table 1 ). The 345 collection and stock strains were obtained from the National Collection of Pathogenic Fungi (NCPF, Bristol, United Kingdom), the American Type Culture Collection (ATCC, Manassas, Va.), and the collection of the Departamento de Inmunología, Microbiología y Parasitología of the Universidad del País Vasco (UPV, Bilbao, Spain).
Fresh oral or vaginal isolates were obtained from clinical specimens of patients attending Odontology and Gynecology clinics collaborating with the UPV. The identity of clinical isolates was confirmed by conventional mycological methods (7, 8) , such as the germ tube induction test in serum, microscopic morphology, and chlamydospore formation in corn meal agar (Oxoid, Basingstoke, United Kingdom) with Tween 80 and carbon source assimilation by ID 32C (bioMérieux). If necessary, identification was confirmed by PCR with specific primers (12, 15) .
Chromogenic media. ALB2, CAID, and CAID2 agar plates were donated by bioMérieux Spain, while CAC plates were prepared in the laboratory according to the manufacturer's instructions. All plates were stored at 4°C and left to reach room temperature prior to inoculation.
Inoculation of media. Stock collection strains were grown on Sabouraud glucose agar plates (Difco, St. Louis, Mo.) at 37°C for 24 to 48 h prior to inoculation onto chromogenic media. One hundred eighty oral and vaginal specimens were directly streaked onto chromogenic media agar plates and incubated for up to 10 days at 37°C, the temperature recommended by the manufacturers. Plates were checked daily for growth and read independently by the same three investigators. The following parameters of growth were recorded for each strain in a side-byside comparison of the four chromogenic agar media at 24, 48, and 72 h (lecture recommended at 24 and 48 h for the three bioMérieux's chromogenic media and at 48 h for CHROMagar Candida): number of positive cultures, number and macroscopic features (size, color, morphology, and texture) of colonies, and the presence of mixed cultures by detecting phenotypically different colonies.
To check the influence of the incubation temperature in the growth of the different species of yeasts on the chromogenic media, 10 l of a yeast suspension that contained between 30 and 300 viable cells grown on Sabouraud agar plates at 37°C was spread on the agar plates, and the number, size, and color of the colonies were registered at different times of incubation (18, 24, 48 , and 72 h) at 37°C or room temperature (18 to 20°C). Growth on Sabouraud glucose agar plates was used as a reference of viability and colony features. 
RESULTS
After 24 h at 37°C, 94.8% of stock collection strains grew on CAID2, 94.2% on CAID, 92.8% on both, Albicans ID 2, and CAC. However, only CAID2 medium permitted the growth of all the strains (100%) after 48 h of incubation. Moreover, color and other characteristics of colonies were easier to read after 48 h of incubation at 37°C on CAID2. The slowest colony growth was observed on ALB2. Colonies grew earlier with a faster and stronger color on CAID2. Table 2 shows the main characteristics of yeast colonies grown on the four chromogenic media studied. Nearly all isolates grew as colonies of the expected color on each chromogenic media. Only one isolate of C. albicans showed white colonies at 24 h on CAID or ALB2, and 2 strains did not grow on ALB2. On CAC, one strain gave white colonies and 3 strains did not grow at 24 h. Moreover, CAID2 allowed a clear differentiation between C. albicans, growing as cobalt blue colonies (91.7% of isolates), and C. dubliniensis, growing as turquoise blue colonies (97.9% of isolates). This colony differentiation between C. albicans and C. dubliniensis was clearer after 48 h of incubation ( Fig. 1A and C) . In this medium, the turquoise blue color of colonies had a sensitivity of 97.9% and a specificity of 96.6% for the identification of C. dubliniensis.
This differentiation was also observed on CAID (sensitivity, 85.4%; specificity, 97%), but 4 C. dubliniensis isolates grew as white colonies at 48 h in this medium. No differences were observed between both species on CAC, where colonies were of different green tones. On ALB2, we could not find any differentiating characteristics between C. albicans and C. dubliniensis colonies, some strains of C. tropicalis and Candida rugosa also gave blue colonies. The latter species grew also as blue colonies on CAID and CAID2 (Table 2) .
On CAID and CAID2, isolates of C. tropicalis (94.7%), C. guilliermondii (95%), Candida haemulonii (60%), C. kefyr (100%), C. lusitaniae (90% and 100%, respectively), and Cryptococcus neoformans (10% and 41.7%, respectively) grew as colonies with different pink shades. Pink-bluish colonies on CAID2 allowed a presumptive identification of 97.4% of C. tropicalis isolates at 48 h (Fig. 1B) . In comparison, 94.9% of C. tropicalis isolates and 100% of C. krusei isolates grew on CAC, showing their characteristic blue or pink colonies, respectively. A downy white texture of C. krusei colonies was a differential feature for this species on CAID2 (Fig. 1D) .
A total of 85 of 180 clinical specimens were positive for yeast. The recovery rates were equivalent on the four media. In 47 specimens, there were 5 or more colonies from a single (Table 3) . Thirteen specimens were positive for two or more species (Table 4) . However, only CAID2 medium revealed all cultures of mixed species (13 of 13, 100% efficiency). CAID detected 9 of 13, and ALB2 and CAC showed less than 50% efficiency (6 of 13). Detection of mixed populations was more difficult when a heavy presence of yeast was present in the specimen. Bacterial contamination was not a problem on any media tested. One hundred three isolates were recovered from 180 fresh oral and vaginal specimens. C. albicans was the most frequently isolated species (72 isolates, 69.9%), followed by C. tropicalis (9 isolates, 8.74%), C. parapsilosis (7 isolates, 6.8%), C. glabrata (6 isolates, 4.83%), C. krusei and C. dubliniensis (3 isolates each, 2.91%), C. guilliermondii (2 isolates, 1.94%), and C. lusitaniae (1 isolate, 0.97%). All three of the C. dubliniensis isolates were obtained from oral specimens of patients with human immunodeficiency virus (HIV) infection in mixed populations with C. albicans, with both C. glabrata and C. parapsilosis, or with both C. glabrata and C. tropicalis (Table 4 ).
All chromogenic media had excellent sensitivity (97.8 and 100% at 24 h and 48 h, respectively), and most of them showed high specificity values (96.1% at 48 h) for the identification of germ tube-positive species (C. albicans or C. dubliniensis). However, ALB2 had lower specificity values (84.7%). Few isolates were registered as false positive or false negative, with the exception of C. tropicalis isolates: 27 of 39 C. tropicalis showed blue colonies on ALB2 medium, but this blue color was lighter and could be clearly distinguished from C. albicans isolates. On CAID medium, some C. rugosa and Trichosporon spp. strains showed the same blue color as strains of C. albicans or C. dubliniensis.
On CAID2, 97.4% of C. tropicalis strains developed pinkbluish colonies, while CAC had a similar sensitivity (94.9%) for the blue-gray color developed by this species. The specificity for C. tropicalis identification ranged between 98.7% for CAC and 100% for CAID2. Infrequent Candida spp. studied showed a whitish color, but the aspect of C. krusei colonies was rough, not brilliant; however, the latter was easier to distinguish in CAC, where colonies showed a rough pink aspect. Concerning C. krusei, CAC and CAID2 showed 100% sensitivity values for its identification; however, CAID2 required an expert observer to differentiate the downy aspect of the white colonies developed by C. krusei in this medium. For C. neoformans, different colony colors (blue, pink, or whitish, etc.) were observed in CAID2; however, the mucous texture was a clear characteristic that guided to their presumptive identification. In CAC, C. neoformans colonies had an aspect similar to that in CAID2 and colors varied from whitish to violet.
To determine if it would be practical for the physician to inoculate and grow samples at room temperature, we studied the effect of incubation temperature (37°C or 18 to 20°C) on the growth and color development of yeast isolated from fresh specimens. The growth was very poor at room temperature on the 4 chromogenic media, and consequently, the small size and weak color development of colonies did not permit the correct identification of the different species tested (data not shown).
DISCUSSION
An essential prerequisite for the laboratory detection of mixed fungal populations on clinical specimens is a suitable primary culture medium which facilitates the recovery and differentiation of phenotypically similar colonies. New chromogenic media can complement traditional identification methods for identifying clinical yeast isolates. Although many other chromogenic media can differentiate mixed cultures and identify C. albicans, CAC, due to its wide identification performance, has become a gold standard for comparison and evaluation of new commercialized chromogenic media (10, 11, 13) . Few false-positive and -negative results have been described, but in a recent report (25) , 4 isolates of C. albicans from 4 different patients were misidentified because their colonies were pink and were initially classified as non-C. albicans.
Many authors have also reported that C. albicans and C. dubliniensis can be distinguished by a different green color intensity of colonies when growing on CAC medium. JabraRizk et al. (11) , using a reformulated CAC medium (Becton Dickinson, BBL, Cockeysville, Md.), observed that C. albicans isolates gave a yellowish shade of green colonies, while C. dubliniensis isolates gave a typical dark green color. This color divergence reinforced the different shade of green described by Schoofs et al. (26) for C. dubliniensis. We have not been able to confirm this observation in a consistent way when using the CAC medium provided by CHROMagar (France), with results that are in agreement with recent publications (6, 23) . In the present study, we have evaluated many stock culture strains, and it has been reported that the dark green color of the colonies may be lost upon repeated subculture or storage (11, 25, 26) . The reason for our results may be due to the use of stock culture strains or to the possibility that other brands of CHROMagar could yield different results in the presumptive identification of C. dubliniensis based on the color of the colonies. The identification of this species can be facilitated using CAC supplemented with Pal's agar, as has been recently reported (23) . We have observed that CAID2 allowed a differentiation at 48 h between C. albicans, growing as cobalt blue colonies, and C. dubliniensis, growing as turquoise blue colonies. This diagnostic accuracy is reduced because 8 of 96 C. albicans isolates grew as turquoise blue colonies. However, considering the percentage (8.3%) of C. albicans growing as C. dubliniensis does and the low prevalence of the latter species in most clinical specimens, except oral ones from HIV-infected patients, a reasonable approach could be to use another identification test only to confirm the identity of those isolates growing in this medium as C. dubliniensis. This approach could save personnel time and reduce laboratory costs.
In our hands, on CAID2, C. tropicalis strains developed pink-bluish colonies, which implied a sensitivity of 95% for its presumptive identification, while CAC sensitivity was 97.4% for the blue-gray color developed by this species. The growth of many colonies may influence the color of the colonies and alter the development of neighboring colonies, changing the expected color of the colonies for a determined species. This has been the case for oral specimens from patients with HIV infection, where C. tropicalis colonies gave a violet color on CAC instead of the expected blue-gray color. According to Fricker-Hidalgo et al. (9) pink isolates on CAID required further conventional tests for definitive identification because 4 frequently isolated non-C. albicans Candida species (C. tropicalis, C. kefyr, C. lusitaniae, and C. guilliermondii) and other less common species can produce such colored colonies. Conversely, CAID2 permits the differentiation of C. tropicalis as far as it develops pink-bluish colonies. C. tropicalis shows blue colonies on CAC, usually with a halo of diffusible pigment that cannot be observed in other species, such as Candida catenulata (2), C. guilliermondii, Cryptococcus humicola (3), and Saccharomyces cerevisiae (29) . However, in our study, C. rugosa and some strains of Candida famata and Trichosporon spp. also showed bluish color on CAC, but colonies of this latter species were readily differentiated from those of C. tropicalis by their folded-lace appearance.
Pfaller et al. (19) and other authors (3, 10) also considered CAC to be reliable for the presumptive identification of C. glabrata, although other researchers (2, 6, 24) did not agree. Pink or violet colonies on CAC should be interpreted with caution as presumptive C. glabrata isolates, since other yeasts also grow as pink, dark pink, or violet colonies. In our study, C. glabrata grew as violet colonies, a color similar to that of the colonies of an additional 8 different yeast species. Infrequent Candida spp. studied showed a whitish color on these chromogenic agars, but the aspect of C. krusei colonies was rough, not brilliant. However, C. krusei was easier to distinguish in CAC, where colonies showed a rough pink aspect. Concerning C. krusei, CAC and CAID2 showed 100% sensitivity values for its identification. Nevertheless, CAID2 required an expert observer to differentiate the downy aspect of the white colonies developed by C. krusei in this medium.
Candida rugosa colonies can be mistaken with those of Candida dubliniensis in CAID2 or in CAID. This finding does not decrease significantly the usefulness of these chromogenic media, as Candida rugosa has been rarely described as a human pathogen. However, some outbreaks have been reported in Brazil with a very high crude mortality rate, despite therapy with intravenous amphotericin B (5).
Growth was very poor at room temperature (18 to 20°C) on the four chromogenic media, and consequently, the small size and weak color development of colonies did not permit the correct identification of the different species tested. This behavior was initially reported for CAC by Odds and Davidson (18) , who determined that growth at temperatures below 30°C cannot be recommended for reliable presumptive identification of Candida spp. in this medium. A similar recommendation could be proposed for the use of the rest of the chromogenic media evaluated in the present study. We also recommend incubating the agar plates at 37°C to obtain faster growth and color development of colonies, so that identification may be accomplished as soon as possible.
The potential impact of a faster identification on patient care could be important in the selection of the therapeutic choice. This choice between antifungal agents depends primarily on the physician's knowledge of the etiologic agent and patient's prior exposure to antifungal therapy. Many patients are initially treated with caspofungin or voriconazole instead of fluconazole as first-line treatment when yeast growth is reported in blood cultures. This approach covers the possibility of fluconazole-resistant non-C. albicans species until the isolate is identified. However, caspofungin and voriconazole are much more expensive than fluconazole. A faster identification of isolated species could reduce the cost of treatment (1). In our center of reference (Hospital de Cruces, Barakaldo, Spain), fluconazole-resistant non-C. albicans species, such as C. krusei and C. glabrata, accounted for less than 5% of Candida isolates in the last 10-year period (unpublished data). Nearly 85% of blood isolates were C. albicans and C. parapsilosis, and an additional 10% included other fluconazole-susceptible species such as C. tropicalis or C. guilliermondii. Chromogenic media, such as CAID2 or CAC, with a sensitivity of Ͼ90% and Ͼ95% specificity for the identification of C. albicans and other fluconazole-susceptible species of Candida, would reduce laboratory and antifungal treatment costs because empirical use of caspofungin or voriconazole could be avoided.
In summary, yeast colonies grown on CAID2 agar plates show specific colors earlier and more defined than on CAID. The new CAID2 chromogenic medium improves the performance of the former CAID and ALB2 for the isolation and identification of C. albicans and other yeast species of clinical relevance, such as C. tropicalis or C. guilliermondii. CAID2 improves the detection of mixed cultures compared with other media such as ALB2, CAID, or CAC. Moreover, CAID2 allows for a better presumptive differentiation between C. albicans and C. dubliniensis among germ tube-producing yeasts, the latter showing a turquoise blue color, while 91.7% of C. albicans isolates develop cobalt blue colonies. Another remarkable feature of CAID2 is that C. tropicalis strains show a pink-violet colony color which facilitates its differentiation from the other Candida species that may develop pink colonies. The new formulation of CAID2 makes this chromogenic agar a good candidate to replace the previous bioMérieux formulations CAID and ALB2 and compares well to CAC performance for the presumptive identification of clinically relevant yeast species.
